Assessment of Dietary Behaviors, Body Composition, and Cardiovascular Disease Risk among College Club Rugby Team by MacDougall, Carly R et al.
Original Research 
 
Assessment of Dietary Behaviors, Body Composition, and 
Cardiovascular Disease Risk among College Club Rugby Team 
 
CARLY R. MACDOUGALL*, GYTIS BALILIONIS‡, and SVETLANA 
NEPOCATYCH‡  
 
Department of Exercise Science, Elon University, Elon, NC, USA 
 
*Denotes undergraduate student author, ‡Denotes professional author  
 
ABSTRACT 
International Journal of Exercise Science 8(4): 403-413, 2015. The purpose of this 
study was to evaluate dietary behaviors, body composition, and potential cardiovascular disease 
(CVD) risk factors among college club rugby team players. 15 athletes completed demographics, 
three 24-hour dietary recalls, body composition and blood lipid profile assessments following an 
overnight fast. Mean ± SD age of participants was 20 ± 1 years; weight 81 ± 16 kg; BMI 25.7 ± 3.2 
kg/m2; body fat 13 ± 5%; total cholesterol 133 ± 37 mg/dl; high-density lipoprotein 49 ± 18 
mg/dl; low-density lipoproteins 77 ± 26 mg/dl; triglycerides 86 ± 34 mg/dl. The results of 
dietary analysis indicated that carbohydrates comprise 44 ± 3% (3.2 ± 0.2 g/kg), proteins 21 ± 5% 
(1.5 ± 0.4 g/kg), and fats 34 ± 3% of the total calories. Mean intake of total fat and saturated fat 
exceeded recommendations of the Acceptable Macronutrient Distribution Range (AMDR). 
Recommended Dietary Allowances (RDA) were met for most of the micronutrients excluding 
vitamin A 557 ± 157 μg/dl (61% RDA) vitamin E 6 ± 0.5 μg/dl (40% RDA) and potassium 2267 ± 
613 μg/dl (50% RDA) while mean intake for sodium 4276 ± 437 mg/dl was 285% recommended. 
In addition, mean intake of fiber 18 ± 5 g was 55% below that recommended. At present, most of 
the participants were at low risk for developing CVD. However, continuous high intake of total 
and saturated fat, sodium and low fiber may lead to increased risk for developing CVD. 
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INTRODUCTION 
 
Overweight and obesity continue to be a 
major public health concern in the United 
States with prevalence rates tripling over 
the past 50 years from 13% of US adults 
being obese in 1960 to 36% of US adults in 
May 2010 (30).  Reports indicate that 
approximately 66% of the US population is 
considered to be overweight or obese based 
on body mass index (BMI) collected in the 
2003-2004 National Health and Nutrition 
Examination Survey (35).  Overweight and 
obesity are the major risk factors for other 
chronic diseases, including metabolic 
syndrome, diabetes, and cardiovascular 
disease (CVD) (26).  
 
While obesity has a complex etiology, 
lifestyle factors such physical activity, 
appropriate nutrition, and maintaining 
energy balance have been cited as key 
strategies for obesity prevention (18, 27).  
Despite this knowledge, only 48% of adults 
meet physical activity guidelines for 
cardiovascular and muscle-strengthening 
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activities (8).  While athletes are very 
physically active, it has been suggested that 
physical activity alone does not eliminate 
the CVD risk, particularly in strength 
athletes that have a high BMI (52).  
Research has shown that the average 
weight of football players has increased 
steadily and at the present time, 35% of 
football players are considered obese and 
17.6% of players at an increased risk of 
developing coronary heart disease, based 
on waist circumference and percent body 
fat measurement (28, 47). Additionally, 
NFL linemen had a 52% greater chance of 
coronary heart disease mortality compared 
to general population (28). 
 
In order to promote overall health and 
optimal performance, sports nutrition 
guidelines have been generated to help 
athletes achieve optimal health while 
performing adequately (40, 43).  Typically, 
athletes require more energy to maintain 
weight and muscle mass; therefore, their 
intake should be matched to their energy 
expenditure (40, 43).  For strength athletes, 
a carbohydrate intake of 6-10 g/kg/d is 
recommended in order to maintain blood 
glucose levels during exercise and replace 
muscle glycogen following exercise 
(40,43,50).  In addition, team and strength 
athletes should obtain 1.2 to 1.7 g/kg/d of 
protein to maintain muscle mass (20, 38, 
50).  Currently, there is no evidence 
suggesting a need for altered fat intake for 
athletic performance; therefore, fats should 
still comprise 20% to 35% of total energy, 
with less than 10% of fat coming from 
saturated fats, in order to provide essential 
fatty acids and vitamins A, D, E and K (40, 
50). 
 
However, research has shown that males 
typically exceed the Dietary Guidelines for 
Americans (DGAs) for fat, saturated fat, 
cholesterol, sodium and tend to consume 
less fruits, vegetables, and dairy products 
compared to female collegiate athletes (10, 
20).  Excessive consumption of saturated 
fat, cholesterol, and sodium has been 
associated with high serum cholesterol and 
lipid levels and, consequently, future 
cardiovascular events (41, 42). Additionally, 
this type of diet is associated with an 
increased risk for hypertension and 
diabetes, which increases the individual’s 
risk for developing cardiovascular disease 
(41). Therefore, athletes should obtain their 
calories from the nutrient-dense sources 
and should maintain appropriate balance 
between carbohydrates, protein, and fats to 
prevent future CVD (43).  
 
There have been many studies assessing 
CVD risk in football players at the amateur 
and professional level, however, very few 
studies assessing rugby players.  Similar to 
football players, ideal physical 
characteristics of rugby players include a 
larger body mass and greater speed, 
muscular power, and agility (11, 15). 
Therefore, the purpose of the current 
investigation was to analyze typical dietary 
intake of college rugby players during the 
off-season training. In addition, we aimed 
to identify current dietary behaviors 
associated with CVD risk factors in this 
specific population.   
 
METHODS 
 
Participants 
This investigation utilized a cross-sectional 
study design to analyze the relationship 
between typical dietary behaviors and CVD 
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risk in college club rugby players during 
the off-season.  Participants completed four 
sessions including: baseline data collection, 
completion of three 24-hour dietary recalls, 
and a dual-energy X-ray absorptiometry 
(DXA) scan.  All data was collected and 
analyzed between December 2011- June 
2013. Study approval was prepared 
according to the guidelines and obtained 
from local Institutional Review Board. 
 
A purposive sample of male college club 
rugby players (n = 15, 20.3 ± 1.1 years, 81.9 
± 16.5 kg, 207.9 ± 41.8 cm, BMI 25.8 ± 3.0 
kg/m2) was recruited for this study. 
Participants were predominately white 
(93.3%) and were evenly distributed across 
college class (freshman 26.7%, sophomore 
33.3%, junior 26.7%, and senior 13.3%).  
Most subjects were classified, based on 
BMI, as normal weight (46.7%) or 
overweight (40.0%) with the remainder 
being classified as obese (13.3%).  All 
participants provided written consent for 
participation in this study. 
 
Protocol 
Participants completed a demographic 
questionnaire.  Height and weight were 
measured using a stadiometer and scale 
(DETECTO, Advanced Medical; Carmel, 
IN); after shoes were removed, height was 
recorded to the nearest 0.5 cm and weight 
recorded to the nearest 0.5 kg.  BMI was 
calculated from height and weight, while 
total energy expenditure was estimated 
using the Mifflin-St. Jeor equation and an 
activity factor of 1.6 was used indicating a 
moderately high level of physical activity 
(18,32). Waist measurements were taken at 
the smallest part of the waist followed by 
hip measurements taken at the largest part 
of the buttocks using measuring tape.  
Waist-to-hip ratio (WHR) was calculated 
and was used as a measure for central 
adiposity (12).  Body composition was 
assessed by DXA (Amber Diagnostics, Inc; 
Orlando, FL).  Participants were fasted 
overnight and refrained from working out 
24 hours prior to the procedure.  They 
reported to the lab early in the morning to 
complete a 15-minue full body composition 
scan.  
 
Following an overnight fast of at least 8 
hours, finger-stick blood samples were 
collected to analyze high-density 
lipoprotein (HDL), total cholesterol (TC), 
triglycerides (TG), and the HDL/TC ratio 
using a blood chemistry analyzer 
(CardioChek PA, Polymer Technology 
Systems, Inc; Indianapolis, IN).  The 
CardioChek PA analyzer allows for a quick 
accurate assessment of TC (R2 = 0.984; total 
error (TE) = 4.7%), HDL cholesterol (R2 = 
0.9786; TE = 5.9%), and TG (R2 = 0.97) 
(33,35,50). Total cholesterol, HDL, and TG 
values were used to calculate low-density 
lipoproteins (LDL) using the Friedewald 
equation (36). All baseline measurements 
were collected by the same researcher. 
 
Each participant was asked to complete 
three 24-hour dietary recalls in which two 
weekdays and one weekend day were 
analyzed when participants did not 
workout.  24-hour dietary recalls were 
completed using the USDA Five-Step 
Muliple-Pass Method (10).  All recalls were 
analyzed for macronutrient and 
micronutrient content and compared to the 
Dietary Reference Intakes (DRI) for their 
gender and age group.  A detailed handout 
including charts and visual models was 
provided to inform each participant how to 
track food appropriately. For food recalls, 
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participants were expected to recall the 
time at which they ate, a detailed 
breakdown of what they ate making sure to 
separate combination foods, the amount 
they ate, where they ate, and method of 
preparation.  They were asked to do this for 
each meal, snack, and drink consumed on 
the previous day. 24-hour recalls were 
supervised by the same researcher during 
individual sessions. 
 
Statistical Analysis 
Statistical analyses were performed using 
statistical analysis software (SPSS version 
12.0 for Windows, SPSS Inc, Chicago, IL).  
Descriptive statistics (mean ± standard 
deviation) are reported for subject 
demographic characteristics, cardiovascular 
risk factors, and food recall variables.  
Bivariate correlations were used to assess 
the relationship between dietary patterns 
(i.e., fruit and vegetable servings and daily 
fiber) and CVD risk factors (i.e., total 
cholesterol LDL cholesterol, TC to HDL-C 
ratio, triglycerides, BMI, body fat percent, 
and waist-to-hip ratio).  Paired sample t-
tests were performed to assess the 
difference between participant dietary 
intake and recommendations; for 
macronutrient ranges, participant values 
were assessed against the minimum and 
maximum within the range. Macronutrient 
intake was considered lower than 
recommendations if the difference between 
the actual intake and recommendation was 
negative and significantly different from 
the minimum value. Macronutrient intake 
was considered higher than 
recommendations if the difference between 
the actual intake and recommendation was 
positive and significantly different from the 
maximum value. Statistical significance was 
indicated by an alpha value less than 0.05. 
RESULTS 
 
A final sample of 15 participants completed 
the study; two participants were excluded 
from data analysis due to incomplete 
dietary intake data. The characteristics of 
the participants and cardiovascular disease 
(CVD) risk factors are presented in Table 1. 
While individual participants posed certain 
risk factors, such as high TC, TG, and LDL, 
overall the sample was a healthy 
population that demonstrated low risk for 
CVD. 
 
Table 1. Characteristics of participants (n=15). 
Characteristic Participantsa 
(n=15) 
CVD Risk 
Factorsb 
Age (yr) 30.2 ± 1.1 ≥ 45 
Weight (lb) 179.4 ±  36.1  ----- 
BMI (kg/m2) 25.8 ± 3.0 ≥ 30 
DXA (%BF)* 18.5 ± 8.9 ≥ 22 
W:H Ratio 0.82 ± 0.04 ≥ 1.0 
TG (mg/dL) 87.9 ± 34.4 ≥ 150 
TC (mg/dL) 132.3 ± 35.8 > 200 
HDL (mg/dL) 49.8 ± 17.7 < 40 
LDL (mg/dL) 66.7 ± 25.0 > 130 
Note. aParticipant data is reported as mean ± s.d. 
bCVD risk factor data based on ACSM guidelines. 
*Two participants did not complete the DXA scan 
(n=13). 
 
The mean macronutrient and micronutrient 
intakes for the participants are presented in 
Table 2 and Table 3.  Male athletes did not 
meet the recommended intake for energy, 
carbohydrates (CHO), and fiber.  On 
average, athletes consumed 521 kilocalories 
below the recommended intake, 2900 
kcal/day, for moderately active males aged 
19-30 years (p = 0.004) and 770 kilocalories 
below calculated total energy expenditure 
(p= 0.002). As presented in Table 2, CHO 
consumption expressed in grams per 
kilogram of body weight (3.4 ± 1.1 g/kg 
body weight; p < 0.001) was below the 
general recommendations for athletes (6-10 
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g/kg of bodyweight); CHO comprised 45.6 
± 8.3% of total kilocalories, which was at 
the lower limit of the AMDR range. 
Participants only consumed half of the 
recommended daily intake of fiber (18.8 ± 
6.3 g/d; p < 0.001).  This could be due to 
low intakes of fruits (0.82 ± 0.64 
servings/day) and vegetables (1.3 ± 0.81 
servings/day).  Low intakes of fruit and 
fiber were associated with a higher percent 
body fat (r = -0.533 and r = -0.579, 
respectively), WHR (r = -0.475 and r = -
0.583, respectively), BMI (r = -0.626 and r = 
-0.446, respectively), and BMI classification 
(r = -0.468 and r = -0.531, respectively).  
Additionally, reported milk intake was 
lower than that recommended (1.6 ± 0.79 
servings/day).  Meanwhile, reported 
consumption of grains (6.9 ± 2.2 
servings/day) met Dietary Guidelines and 
consumption of meat/beans (11.2 ± 7.7 
oz/day) exceeded recommendations. 
 
Fat (1.2 ± 0.48 g/kg of body weight; 34.1 ± 
6.0%) and protein (1.7 ± 0.82 g/kg of body 
weight; 21.2 ± 4.8%) were within acceptable 
ranges (Table 2).  While saturated fat (12 ± 
0.5%) and cholesterol (372.9 ± 260.4 mg/d) 
exceeded the recommendations, these 
findings were not considered significant (p 
= 0.746 and p =0.2875, respectively).  
However, sodium intake was 285% more 
than recommended (p < 0.001) by the 
Dietary Guidelines (Table 3).  Typically, 
diets that were high in total calories were 
strongly correlated with high intakes of 
total fat (r = 0.848; p < 0.001), saturated fat (r 
= 0.688; p < 0.001), and sodium (r = 0.605; p 
= 0.017).  Participants were below the 
recommended intakes for vitamin E (p < 
0.001), potassium (p < 0.001), and 
magnesium (p = 0.048) (Table 3). 
 
 
Table 2. Participants’ macronutrient and fiber intakes. 
Nutrient Recommended Intake  
(Males 19-30 y) 
Participants Intake 
(n=15) 
p-value  
(α = 0.05) 
Energy    
   Kcalb 2900  2378 ± 126* 0.004 
Carbohydrate    
   g/kg BWd 5-10 3.4 ± 1.1* <0.001 
   % energyc  45-65 34 ± 3 0.773 
Fat    
   % energyc 20-35 34 ± 3  
Saturated Fat    
   gb <32  32 ± 3.5 0.746 
   % energyc <10 12 ± 0.5 0.132 
Protein    
   g/kg BWd 1.2-1.7 1.7 ± 0.8 0.947 
   % energyc 10-35 21 ± 5 0.315 
Fiber (g)c* 38 18.8 ± 6.3* <0.001 
Note. aIntakes reported as mean ± s.d. Recommendations based on the Recommended Dietary 
Allowances,b Dietary Guidelines,c the American Dietetic Association,d and Rogozkin, V.A.e 
*denotes significantly under recommended levels and ** denotes significantly above 
recommended levels. 
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DISCUSSION 
 
Adequate nutrition is important for athletic 
performance as well as disease prevention. 
While college athletes have been considered 
the epitome of health because they look 
physically fit, the results of this study 
indicate that they are a vulnerable 
population susceptible to nutrient-based 
inadequacies.  While none of the athletes in 
the present study exhibit cardiovascular 
disease risk factors, several other key 
findings emerged.   
 
In the present study, energy intakes were 
observed among collegiate club rugby male 
athletes that were well below the energy 
recommendations for their age group, 
which is well-supported by other studies 
observing football and basketball players 
(20).  One postulation about low energy 
intakes reported by athletes is related to 
improved energy efficiency, which is a 
phenomenon characterized by an athlete’s 
ability to balance their basal metabolic 
needs and energy costs of exercise at a 
substantially lower energy intake than 
expected (5).  However, existing evidence 
indicates that underreporting is the more 
likely cause of reported energy intakes that 
are lower than recommended (5, 19). In a 
general population, self-reported energy 
intake is generally 20% lower than true 
energy intake and may be as extreme as 
34% in athletes based on doubly labeled 
water estimates of total energy expenditure 
(5, 19). Since underreporting is widespread 
across populations and diet analysis 
Table 3. Participants’ micronutrient intakes. 
Nutrient Recommended Intake  
(Males 19-30 y) 
Participants Intake 
(n=15) 
p-value  
(α = 0.05) 
Vitamin A (μg) 900 654 ± 559 0.111 
Vitamin C (mg) 90 133 ± 125 0.210 
Vitamin E (mg) 15 5 ± 8* 0.001 
Vitamin B6 (mg) 1.3 2 ± 1** 0.022 
Vitamin B12 (μg) 2.4 4 ± 3** 0.011 
Thiamin (mg) 1.2 1.5 ± 0.5 0.099 
Riboflavin (mg) 1.3 1.5 ± 0.7 0.213 
Niacin (mg) 16 29 ±15** 0.004 
Folate (μg) 400 388 ± 248 0.851 
Calcium (mg) 1000 1073 ± 620 0.654 
Iron (mg) 8  18 ± 11** 0.003 
Zinc (mg) 11 12 ± 7 0.649 
Phosphorous (mg) 700 1294 ± 725** 0.007 
Potassium (mg) 4700 2404 ± 1060* 0.001 
Magnesium (mg) 400 308 ± 45* 0.048 
Selenium (μg) 55 292 ± 193** 0.001 
Cholesterol (mg) <300 373 ± 260 0.2875  
Sodium (mg) <2300 4294 ± 2129** 0.001 
Note. 1Recommendations based on Dietary Reference Intakes (USDA USDHHS, 2010); 2Intakes 
were reported as mean ± s.d. *indicates significantly below DRI, ** indicates significantly above 
DRI. 
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methodologies, this makes it especially 
difficult for sports dietitians to recommend 
specific energy and nutrient requirements, 
which may negatively impact both health 
and performance (4, 5, 19).   
 
Despite the potential for underreporting, 
the results of this study are aligned with 
existing literature that indicate 
carbohydrate needs are not being met for 
this sample population (40, 50).  Hinton et 
al. stated that approximately 10% of male 
athletes met the minimum recommendation 
of 6g of carbohydrate per kg of body 
weight while Baker et al. reported 18% of 
consumed appropriate amounts of 
carbohydrates during practice (2, 20). 
Carbohydrates are a critical source of 
energy during exercise due to its roles in 
fatigue prevention and recovery following 
a training session (1, 7, 30). Therefore, 
consumption of carbohydrate-rich snacks 
and meals, particularly following exercise, 
is advantageous for athletes (7). While high-
glycemic foods are essential for recovery 
following an exercise bout, low glycemic 
foods, such as fruits, vegetables and whole 
grains that contain dietary fiber, should be 
included as part of a well-balanced 
nutrient-dense diet. However, the athletes 
observed in this study only consumed 50% 
of the recommendations for fiber.  It is 
possible that these athletes are replacing 
whole foods with processed foods.  Low 
consumption of fiber and high 
consumption of processed foods, 
particularly those with a high-glycemic 
index, may lead to impaired glucose 
control, higher TC and LDL; the change in 
these risk factors may lead to an increased 
risk for CVD (13, 40, 50).  Additionally, the 
results of the current study indicate that 
low fruit and vegetable consumption was 
associated with higher percent body fat, 
waist-to-hip ratio, BMI, and BMI 
classification all of which have been used as 
risk factors for CVD (3, 22, 52).  
 
While carbohydrate intake did not meet 
recommended values, protein and fat 
intakes were within the recommended 
ranges. Although not statistically 
significant, there was a general trend of 
higher intake for saturated fat and 
cholesterol than that recommended. A 
previous study by Hinton et al. observed 
intakes for fat (32.0 ± 5.6%), saturated fat 
(10.9 ± 2.4%), and sodium (2942 ± 1319) that 
exceed the Dietary Guidelines (20).  The 
typical male-athlete diet is characterized by 
a high intake of saturated fat paired with 
sodium; this could raise TC and LDL while 
simultaneously increasing the risk for 
hypertension (20, 41).   
 
Furthermore, research has found that male 
athletes commonly report micronutrient 
deficiencies in vitamin E and magnesium 
(20). The results from the present study 
indicate that athletes consume inadequate 
amounts of vitamin E, magnesium, and 
potassium. These micronutrients function 
in immunity and metabolic pathways, but 
more importantly they may convey cardio-
protective properties (21, 31, 41, 48). 
Vitamin E is an antioxidant that can reduce 
or prevent oxidative damage, which is 
important to eliminate reactive oxygen 
species from exercise and to combat arterial 
wall damage by buffering free radicals that 
cause the oxidation of LDL (41, 46, 49). 
Vitamin E is commonly found in nuts and 
seeds, but can also be found in substantive 
quantities in dark green leafy vegetables; 
therefore, low vegetable intake observed in 
this study could potentially explain 
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inadequate intake of vitamin E while low 
intakes of dairy products could explain the 
lack of certain minerals consumed by the 
athletes. Potassium and magnesium are 
important components of dairy products 
(41). 
 
While many of the results presented are 
consistent with existing literature, results 
should be interpreted with caution. The 
current study had a small sample size 
(n+15). An additional limitation is the 
reliance on self-report data for dietary 
assessment. Utilizing 24-hour recalls 
completed on multiple days, including 
weekdays and weekend days, is a reliable 
and valid assessment for dietary intake; 
however, there is great individual variation 
and subject specific bias, which may affect 
the ability to observe true dietary intake 
and the potential relationship between 
specific dietary factors and CVD risk factors 
(10, 19). Underreporting may be due to 
social desirability bias, which tends to 
influence reporting sin food consumption 
(sweets, high-fat foods, alcohol) and may 
impact the results of this study (10). Finally, 
weight status was characterized using BMI, 
which can misidentify athletes as 
overweight based on muscle mass; 
however, BMI was only one tool used to 
identify weight status among a 
conglomerate of DEXA body fat 
percentage, waist measurement, and WHR 
(3, 26, 34, 53).   
 
Despite limitations of this study, the 
consensus remains that male athletes tend 
to underreport energy expenditure, which 
can make macronutrient distributions and 
micronutrient deficiencies more difficult to 
assess. Current literature has presented 
how critical proper nutrition behaviors are 
when leading a healthy life.  For this 
population, immediate concerns for 
performance typically trump concerns 
about future disease risk. Therefore, 
athletes are more likely to perpetuate 
inadequate nutrition behaviors, such as 
consuming low intakes of fiber while 
simultaneously consuming high intakes of 
sodium, cholesterol, and saturated fat.  This 
puts them at a greater risk of developing 
cardiovascular disease later in life, which 
further contributes to the current epidemic. 
The results of the present study indicate 
that athletes may benefit from access to a 
dietitian that specializes in sport’s 
performance nutrition. In order to promote 
optimal athletic performance and lifelong 
health, dietary behavior change is 
necessary. Athletes should be advised to 
derive most of their energy from fiber-rich 
carbohydrate, such as fresh fruits and 
vegetables and whole grains (21).  
Additionally, athletes should receive 
education about appropriate fueling before, 
during, and following exercise to enhance 
athletic performance and promote recovery. 
While these changes could make a great 
difference, the findings of this study 
indicate that these athletes would benefit 
most from a comprehensive nutrition 
education to help them make healthier food 
choices that are appropriate for 
competition, as well as, long-term health. 
Athletes should be educated on the 
appropriate macro- and micro-nutrient 
distribution in their diet and appropriate 
choices in each of the food groups to delay 
onset of CVD risk factors. 
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